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.5^; Format converter architecture. 



'<y A forma: convener for converting an mout signal having a specified format to a digital signal of a ore-existinc 
'or—a*, anc ; cr converting :ne cici:=: s;gr,ai back to the incut signal automatically. ;oao's an active cata oorticn of 
the :nput signal into an input first-sa -first-out (FIFO) buffer (30) at a first data rare ano reacs the active oata 



ocmcr- tocetr 



iy f ii!er samoies from, the HFO at a secono cata 



a rate as the ciCita! 3;cr,: 



i ne 



numoer. location and/or vatues of tne fiiier samples identify the specifiec format. In reverse tne filler sampies are 
stnooec from the cig:ta! signal arc tne resulting active samoies are ioaceo into an outcut -iFC at tne second 
oata -ate. Tne str:ccec fiiier samoies are usee to determine the scecineo format of the original source of tne 
oa:a s^c^ai. an- :~e active samoies are reac from :he cutout FiFO at the first oata rate in ;ne specifiec forma: to 
reoroc^oe tne ;nout $:ona:. 
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Background of the Invention 

The present in vernier reiates tc conversion cf digital cata between cifferent formats, and mere 
particularly tc a forma: convener architecture for convening an incoming anaiog s;gnaf havinc an o nr. eg c.na: 

5 structure, sue- as television video from Different vioeo sources having afferent television formats, to a ore- 
existing cigital format for storage on a digital viceo tape recorder (DVTR) or for other orccessirg by 
ecutoment ouiit for use with the pre-existing digital forma:, anc aiso for automatically convening the ciciiai 
cata in the pre-existing digital forma: bacx to the format of the original incoming analog Signal. 

As is weU known there are many different kinds of viaeo signal formats proccsed or ;n oenerai use 

■ c mrzuchcut :re world th octh graonics and television ecuicmenc. Generally s:gnai crccess;no anc recce:" 
ecuipment must be oestgned for a scec::ic signal format. Tne cost anc effort" associated witn the cesign of 
tr.:s ecuioment is consideraoie, inhibiting the oeveiooment of newer end perhaps more acprccnate sicna: 
formats for video image signals. 

Currently there :s a discussion m the television community as to what viceo signal format shoutc be 

:s aocpteo by tne United States for men definition television (HDTV). The formats cemg cor.s.cerec :nc:uce a 
z25<=B. 9- i :i format, a 1 C50-- 5S.9-2: i format, a (737 - 7 SB). 59. 94 1 ; 1 forma:, arc a i 125 59.9- 2:1 format, 
"here cresen::y ex:Sts ecuioment tnat ;s compatioie with the 1125 format, sue.- as a coral viceo tape 
-ecor-er -;DVTR) mar.ufacturec by Sony Corcoran on c* Tokyo. J a can. To provide a com can son between 
r.ese various : ormats it is cesirabie to be aoie :o recorc tr.e viceo from sources representing eacn of :r.e 

20 _ crcccsec v:ceo formats onto a 3'ngie vioeo taoe reccrcer. anc then to oe aoie tc day back the signals from 
:r,e viceo :aoe reccrcer in tne:r engine, formats. 

One architecture for a format convener design has been croccsec by the Acvancec Television Test 
Center -'ATTC j located m Aiexancr;a. Virginia, anc is disclosed in U.S. Paten: Aociicaticn No. 07 4Q4. 190 
fiieo on Sect. 7.1959 by Chanes W. Rhooes entitled "Multtpie H 0 TV Format Digital Signal Convener." This 

25 arcnitecture convens inout video signals having one video format «nto the vioeo format of a specific DVTR, 
such as the Sony recorder referred to above. The input video sigr.ai is digitized, using the nonzonrai anc 
vemcai cr.ve synchrcniz'ng signais cenvec from the trout signal, anc storec in a buffer memory at the mout 
Sicnat samce rate, "he stereo dig:t:zec s.cnai is then reao cut of tne memory at the rate of coeraticn of the 
Dv~R. Dur;r.g O'ayoacK the rata from the DVTR is storec sn tne memory at tr.e DVTR rare and read out to 

:c a cig:tai-to-ana;cg oenvener a: the or:g;nai sampie rate. A pair of oummy samcies is inseneo m each iine of 
the input s:gnai cata so thai tne mout viceo Sines provide a repeating partem every seven or fourteen lines. 
This receui;ve partem is zrevtcee so :ha:_ memory size -nay oe minrmizec. The cumm.y samoies may 
contain information sucn as canty oits. syncnronization bits, memory row icentifier bits, a frame stan 
icentifier oit. or the like. Unfcnunateiy tne Rhoces' format convener coes not take into consideration the fact 

35 tnat the number of active vioeo iines :n each of tne two fisics in the 1 125/59.94.2:1 format used by the Sony 
DVTR are net eauai. Also knowiecge by the operator of the original format is necessary when convening 
Vom tne DVTR format. 

What :s cesirec :s a fc -mat czr^ener arcnitecture that provides a means of using ore-existing cigitai 
-recessing anc recorc. piaycacx ecuicmem n conjunction with s:gnat formats for wnich tne ecuiomen: was 
-o no; soec:ficai!y cesigned m z^zs' tc : ac;ttate tne -ntrocucticn anc :zmcar = :.ve anaiys;s o; new sigr.a: 
formats, inducing encocmg an mout signal from a signal source into tne oigita! format of the pre-existing 
vioeo eouiomen: and automatically cecocing tne digital signal from tne pre-existing vioeo eauipmen: oacK 
into tne original format of the input signal. 



Summary of the invention 



Accordingly the present invention provides a format convener architecture tnat samples ano digitizes an 
incoming analog signal representing a two-dimensional image in sucn a way as to oroouce a number of 
samotes cer fieic that is somewnat less than the number of samples per fieio that occur :n a pre-existing 

so digital format, wnere one field represents one comolete two-dimensional representation. The digitized 
samples are written into an input firs:-m. first-out (FIFO) buffer. In accorcance with the pre-existing digital 
format the samples are read from tne mout FIFO buffer together with filler samples to form a sampie data 
s:*eam compatible with the ore-existing digital forma:. Formatting sampies. or ;cemi; on sequences, are 
ir.oiudeo in the filler samples to indicate certain timing data, such as the begmnir - • end of horizontal 

Sf anc vemcai blanking and tne fieic numoer for an interlaced digital format, as rec \--e pre-existing 

oigttal format. The remaining filler sampies are codec with a value that cannc :ec by a real 

incoming signal, ano are useo to identify tne format of the incoming anaioc s:g- - sampies are 

processed by equiomen; for tne pre-existing digital format as if they were ore- -ies. and the 
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samoie -rata stream may be recorded, switched or digitally transmitted by such pre-existing equioment. as 
is aporccnaie. 

Uocr. receipt of the sample data stream from the pre-existing eauipment. the filler samples are 
automatically recognized and removed from the sample data stream. The sample data stream, containing 
5 cniy real cata. is then written into a outout FIFO buffer. The data stream is then read from the output FIFO 
Suffer according to the original incoming signal format, as determined from the filler samples, ana convened 
into an anaiog signal. Suitable synchronization signals are generated to provide a suitable timing reference 
for suosequent processing and/or display of the outgoing anaiog signal. 

The objects, advantages and other novel features of the present invention are apparent from the 
:o following cetasiec cescrtction when read in conjunction with the appended ciaims ana attached crawing. 

3rie; Descrioiion of the Drawing 

Fig. 1 is a basic biccx diagram of a format convener according to the present invention. 
?s rig. 2 :s a simoiifiec schematic diagram for generating appropriate timing signals for a format convener 

' acccrcing :o tne present invention. 

Fig. 3 is a s;m?:ifiec schematic diagram for outputtmg digital data in a pre-existing digital format. 
~'<q. - :s a s:moii:'iec schematic c:agram for extracting active video data from digital data in the pre- 
existing forma: and for convening it to its original signal format according to the present invention. 
zc Fig. 5 is a cicCK diagram z i a s:a*e machine :'cr generating ccntroi commands fcr the format convener 

accoroing to the oresent invention. 

Figs. 5A-SD are illustrations of monitor displays of different formats after conversion to the pre-existing 
format according to the ere sent invention. 

25 Description of the Preierrac Embodiment 



in orcer to cieany describe the present invention an embodiment for convening high definition television 
(HDTV) signals of differing formats to a pre-existing HDTV format, and back again, is presented. SoecificaiJy 
the i ; 25/59.94/2:1 HDTV standard acoptec by the Japanese television industry is used as an example of 
zo the pre-existing format and the 525-59.94/1:1, (787 + 783V59.94/1 :l and - 1050/59.94/2:1 HDTV formats 
currently being consioered in the United States of America are used as illustrations of differing formats. 
Generally orthogonal sampling is preferred, anc such is obtained when trie re is a one-to-one correspon- 
dence between the sampie number modulo N1. the number of active samoies per line, and the ccrresponc- 
:r.g X coordinate of that sample in an image represented by the signal. For example in the ore-existing 
35 format of the present example there are 1920 active samples per line and 280 samples covering the 
Horizontal blanking interval for a total of 2200 samples per line. With a field frequency of 1000/1001*60 Hz 
(59 94Hz) and 1125-2 lines per field, the line frequency is approximately 22.72 kHz (Fhi) and the sampling 
frecuency :s accrcximateiy 74.2 MHz frsD. For this example the field frecuency for the proocsed formats 
naocens to be the same, but the Sine frequencies differ. The approximate line frequencies for the tnree 
-io orcocsec cases are: 

-1. 525.59.94/1:1 21.5 kHz (Fh2) 
?2. <(787-r788)/2V59.94.l:i - 47.2 kHz (Fh3) 
-3. (l050/2)/59.94/2:1 -- 31.5 kHz <Fh4) 
Factoring tne above three iine frequencies with respect to Fsl produces the following three ratios: 

R2 = (1 T5'5'5"3*2*2)/7 
R3 = (1 r5-5'5'2'2'2)/7 
R4 = ,;i r5'5*5-3*2-2)/7 

so if the above formats are to be applied in an orthogonal manner, the respective sampling freauencies. Fs2- 
Fs4. must diner from Fsl. For convenience these sampling frequencies should be related to Fsl by an 
integer ratio, and such ratio should be nearly unity since each format SDencs similar fractions of signal 
transmission time sending non-video content, i.e., synchronization and blanking, that can be easily 
receneratec. Based on the above ratios the fraction 56/55 is a likely candidate for all of the proposed 

55 :cmats. so that tne resulting sampling frequencies. Fs2-Fs4. are eacn approximately 75.5 MHz. The 
numoer of samples per line for each of the proposed formats then becomes: 

N2 = 2400 
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N3 = 1600 
N4 = 2400 

There are two fundamental criteria that need to be applied. First the number of active samples oer field 
5 in the pre-existing format must exceed or equal the number of active samoies in the proposec format. 
Second to minimize the si2e of the FIFO buffers the time interval from the first to the last cutooing sampie 
must be nearly eaual to tne time interval from the first to the last incoming sample. 

Generally the formats to be processed have an identical number of active iir.es in each fieid, whether or 
not the standards use interlaced (2:1) scanning. However the pre-existing format selected uses interlaced 
scanning but has a different number of active scan lines per field. To accomciisn conversion m a General 
sense, then, four parameters are canned: 

1R1 = number of filler samples ;n first fine of field one; 
1R2 = number of filler samples in last line cf fieid one; 
2FM = number of filler samples in first iine of fieid two; and 
■ 5 2R2 = number of filler samples in iast line of field two. 
The oaramecers for the se'ected pre-existing format are: 

Number cf Samoies per Line = 2200 
Active Samples per Line = 1920 
20 Active Lines in Field One - 5 1 7 
Active Lines in Fieic Two - Si 3. 

The extra available samoies in fieid two are cf no use unless the FIFO buffers are inordinately iarce, so that 
one iine m fiesc two is cisregarcec and 

25 

2R1 - 2R2 > = 1S20. 

This crevices 992.640 {5 l 7*1 920)- available active samoies per field. establishing the firs; criterion. 

The time interval from the first samoie to the last sample in the pre-existing forma: :s aoproximately 

zq 15.33 mSec ((516*2200- i920).Fsi). The number of Wr.es in the first and tnird proposec formats that nearly 
meets the second criterion is 432.4 ( 1 5.33'3i .7). Rounding this number up to 433 and subtracting a rough 
estimate of 5 uSec for the las; clanking time results in a time interval of aocrcximateiy -5.344 mSec. or a 
difference of aoout 14 uSec. For tne second proposed format the number of lines equals 723.6, or rounaea 
uo tc 724, er.d the time inter/at is approximately 15.333 mSec. a difference of aoout 3 uSec. 

J£ fir st criterion defines tne maximum number of active samoies per iine that are allowed in the 

prooosec format. Thus the maximum number of samples per line in the first and third proposed formats is 
ir;(9S2640/433) = 2055r75. or 137U36 for the second orooosed format, i.e.. 2055 samples per !ine with a 
remamcer cf 75 samples per fieid. however the ccmocnent format that is usee in the present implementa- 
tor, samoies tne luminance component at tne samoiing frequency. Fs. but samoies the two chrominance 
ccmconents in a multipiexec rasrion. i.e.. at one-r.a'J Fs. Therefore an even numcer of samoies oer line for 
tne orccosec format is ces;rec. The following are lists of probabilities for tne three proposec formats: 

Pre-exi stina Former. 
s **?Ies/Field = 992640 Lines/Field = 517 

Proposed Formats One and Three 
Lines/Field = 483 

50 
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From the second criterion fcr proocsed formats one and three the total time difference from the first to las: 
samoie Vabcut 14 uSec. or about 1000 samples. Since the number of "remainder" samples should be 
minimized, and a iarger number of rema.noer samples at the beginning or end of tne pre-existing format 
field necessitates a larger FIFO buffer, the number of samples per line selected for the proposed formats 
cr.e src three is 2040~ This selection recuires the transmission of 32 remainder samoies. to be divided 
between ;ne~beginning and the end of each field, such as forty in the first iine and forty-two in the last line 
of eacr. fietc cf tne ore-existing dicitai format, or vice versa. For the third proccsed format the difference is 
acJut~3 "uSec. or about" 350 samples, and the number of samples per line of 1368 is selected with the 
correscondmc 140 remamcer samples per field, divided evenly between the first and last lines. With these 
parameters estadlsheo the conversion between the proposed formats ana the pre-existing forma:, anc bacx 
aeam. may be achieved as snown in the present embodiment. 

As shown in Fig. 1 an analog ;nout mocuie 20 receives incoming viceo signal from a source, sucn as 
GBR sicnais from a camera, etc.. arc ccnveas them to digital component viceo Y.Pb.Fr using the sarnie 
freauency Fs and the horizontal ana vertical drive signals Derived from tne incoming signal. The active 
viceo samoies from the dicital component signal are written into an input FIFO buffer 30. An operator 
indicates to a controller 40 the format of the incoming video signal. The controller 40, based uoon the 
parameters contained in memory as derived above, proviaes timing to the input FIFO buffer 30. The input 
FIFO buffer 30 receives frcm the controller 40 a read clock at the pre-existing format sample frequency. 
Fsi, a read oate signal and a dummy gate signal. In response to these tinning signals the input FIFO buffer 
20 provides" a sample cata stream containing both active video samples and filler samples, the filler 
samoies oeino provided in resoonse to the dummy gate signal and the active video samples being provided 
in resoonse to the read oate Signal. The sample data stream is output to equipment of the pre-existing 
digital format, such as a DVTR 10. via an input/output section of the controller 40 in the pre-existing digital 
format. 

The filler samples are identifiable from the active video samples because they have "impossible 
values, i.e., the luminance and chrominance values cannot be produced by non-negative values of green, 
biue or red incuts. For the cresent exampie the codes chosen to represent a filler sampie are 01 for Y. Pb 
and Pr. Luminance is cocec with black at 16 decimal 0 0 hexadecimal) ana white at 219 decimal, while the 
chrominance component values are in offset binary with zero represented by a code of 128 decimal (80 
hexaaecmal). Therefore, the filler code of 01 represents slightly negative luminance, togetner with a large 
neoative value for the chrominance components. This is not a realizable coior as it would require large 
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negative values of rec and blue, which cc no: occur in "normal" active viceo. Information concerning the 
encoded format may be sent by altering the cede used to represent the filler sample, by altering the partem 
of fiMer samp<es m a predetermined manner, or by counting the number of filler samples in a specifiec line 
or number of lines, ettner pre-ex:s::ng format lines or proposea forma; tines. The present example uses as a 
5 free parameter the number of remainder samples in the first line cf fieid one of the pre-existing format. This 
implementation assures that different instances of proposed formats having the same overall filler count 
may be differentiated. 

The sampie cata stream from pre-existing eauipment 10 is input via the input/output section to the 
controller 40 where the filler samples are stripped from the sample data stream, leaving only the active 
;o video samples. The active video samples are. written to an outout FIFO 50. Eased upon the identification of 
the original format cf the sampie cata stream as determined automatically from the filler samples, the active 
video samples are read from the outout FIFO 50 into an outout analog module 60 that recenerates the 
r.cnzonra! arc vertical blanking intervals, as well as synchronization pulses; to provide an outgoing video 
signal in the same format as the origine! incoming video signal. In this embodiment the total caoacity of tne 
is FIFO buffers 20, 50 is siightiy greater than one iine of the pre-existing digitai format. 

For reading zaia from the incoming viceo signal into tne inDut FIFO- 30. the controller 40 has a decoder 
sect.on as shown in rig. 2 thai generates the timing signals, such as reao arc dummy gate s;gnais. for the 
:nput FIFO. The cecocer section has a remainder logic section 42. an identification dummy logic section 4*. 
a !:ne.-!ast iine logic section 45. a dummy pair logic section 43. and an cutout section 49. Input to tne 
20 decoder section are various control commands from a state machine (shown in Fig. 5 and discussed below) 
cf :re ccntrciier -10. These control commands are cepencent upon oy the indicated incoming viceo format 
anc inciuae tne 1R1. 1R2, 2Rl and 2R2 signals for the remainder ■ dummy fill samples, horizontal and 
vertical blanking signais. HB. V3. the ore-existing format dock signal. Fsi. a not-dummy pair sicnal. N2D. 
anc a field two signal. F2. wh;cn :s inverted to also provide a nct-fieid Two signal, NF2. Output from the 
25 cutout logic section 49 are the necessary timing signals for the input FIFO 30. including the read clock. 
R.Cik. tne read gate signal. RdG, the dummy, gate signal, DumG, the horizontal and vertical blanking 
sicnais. MS. VS A, and tne fieid rwc signal. F2. 

The Ursi line/last iine icgtc section 45 has a pair of D-type fiip-flops 450. 462 that are clocked on the 
negative eoge of the horizontal blanking signal. HB. i.e.. at the end of the horizontal blanking interval of the 
30 incoming signal. Input to the first f!io-?!op 460 is the vertical blanking signal. VB. and input" to the second 
fiio-fiop 462 is the nct-Q output of the firs; flip-flop. The Q outputs of both fiio-flops 460, 462 are input to a 
firs? NOR gate 464 to produce the star of the first line in a field signai. FSt. and the not-Q outputs of both 
■ iic-ricps are incut to a secono NOR gate 465 to produce tne stan of the iast line in a field signal. FEn. The 
no^.-O output of the first flip-flop 460 and the G output of the second fiip-flop 462 are input to a third NOR 
35 gate -68 to procuce the outout actual vertical blanking signal. VBA. 

in ooeration the VB signal starts at the oeginning of the horizontal blanking interval of the last line of the 
rieid anc lasts until the end of the actual vertical blanking interval. The HB signal occurs at the line rate of 
tre T.ccming viceo signal to indicate the horizontal blanking interval for each incoming video iine. When VB 
goes Dcsitive. or. the trailing eoge of HB tne O output of the first fiip-ficp -50 goes high while the nct-O 
-c outout goes iow^With the not-Q outouts of both fiip-flops 450. 462 low. the second NOR gate 466 produces 
a r.;gn icr tne r En signal, which is the start of the last iine of active viaeo in tne field. At the next HB trailing 
eccc- tne not-Q outDut of the first fiip-flop 460 causes the not-Q output of the second flip-flop 462 to go 
high, producing a tow at the outDut of the second NOR gate 466 so that FEn is high only during the last line 
of the field. At the end of the vertical blanking interval VB goes low and. when HB also goes low at the end 
^5 o: tr.e horizontal blanking interval prior to the first line of active video in the field, the Q outout of the first 
fiio-fico 460 goes low while the not-Q output goes high. With the not-Q outputs of both flip-flops 460. 462 
high, rne output of the first NOR gate 464 also goes high for the FSt signal. At the next HB trailing edge the 
Q output of the second flip-flop 462 goes high, producing a low at the output of the first NOR gate 464 so 
that FSt is high oniy during the first line of the field. After the last line of the fieid. when the not-Q output cf 
so the firs: fiio-fiop 460 is low and the Q output of the second flip-flop 462 goes tow, the actual vertical 
blanking signal. VBA. goes high, i.e., at the end of the last line, and stays high until the not-Q output of the 
first flip-flop goes low at the end of the VB signai just prior to the first video line. 

Tr- actual vertical blanking signal, VBA. and the horizontal blanking signal. HB. are combined in gate 
j-40 to^oroduce a composite blanking signal. B. and its inverse. not-B. The not-B signal together with the 
£5 FSt. F-n, F2 and NF2 signals are input to the remainder logic section 42. Also input to the remainder looic 
section 42 are the remainder fill signais. lRl. 1 R2. 2R1. 2R2. from the state machine. A first AND gate 422 
procuces a high output during the active portion of line one of the first field when the 1R1 sional is present. 
Likewise a second AND gate 424 orcduces a high output during the active portion of the fast iine of field 
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one when the l R2 signal is present; a third AND gate 426 produces a high output during the active portion 
of iine one of the fieid two when the 2R1 signal is present: ana a fourth AND gate 42S procuces a hign 
output during the active portion of the last iine of field two when the 2R2 is present. The outputs of the ANO 
gates 422. 424, 425, 428 are combined by an OR gate 420 to produce a remainder fill signal. Rem. 

5 The HB signal also is input to a gate 442 to produce a differential output signal, with the HB outout 

being applied to a NOR gate 44-4 and the not-HS output being acplied to the DO input of a delay Iatcn 446. 
The Q0 output of the delay latch 446 is input to the D1 input, the Q1 output to the D2 input, the G2 outout 
to the D3 input, the 03 output to the D4 input, and the Q4 output to the NOR gate 444. The delay latch 446 
is clocked by the pre-existing format clock, Fsl, so that the output at 04 is delayed five samples from the 

w input at DO. Prior to the HB signai the output of the NOR gate 444 i S lew since the not-HB input from the 
ceiay iatcn 445 is high. When HB gees high, after five sample intervals not-HB from the delay larcn goes 
low. but the output of the NOR gate 444 remains low since the H3 input is now high. When HB then goes 
low at the end of the horizontal blanking interval, the output of the NOR gate 444 goes high and a high not- 
HB signal is acplied to the incut DO of the delay latch 446. At the end of five sample intervals the high not- 

:s H3 is output from the deiay iatcn 446, and the output of the NOR gate 444 goes low again, producing a 
cate signal, 5Dum, five samples in duration immediately following the end of the horizontal blanxmg interval. 

The state machine also prevtces a dummy pair control signal. N2D. to a first flip-flop 4S2 in the dummy 
pair logic section 48. The dummy cair control s;gnai inserts pairs of dummy words into each line of the 
propesec forma: data stream. Alternatively the N2D signal inserts pairs of dummy words at fixed locations 

20 m each line cf the pre-existing data stream at the outout of the controller 40 so that when observing the 
output on a pre-existing monitor a partem of spacec vertical lines representative of the particular format of 
the incoming viaeo signal is formed, as shown in Fig. 6a-6d. The pattern of vertical lines provides a visual 
indication on a pre-existing format monitor of the format of the incoming signal, or of the original data from 
pre-existing format equipment. For example for a 525 format as shown in Fig. 5a seven filler stripes formed 

25 by the dummy words are visible, with most of. the stripes on the left side of the screen. For the 757-788 
format oniy two filler stripes are visible as shown in Fig. 5b. while in Fig. 5c for the 1050 format seven filler 
strices are again visible with most of the stripes on the right sice of the screen. For the 1125 forma:, i.e.. 
the pre-existing format, there are no filler stripes visible. The paired aummy control signal is normally high, 
so that the not-Q outputs of the two flip-flops 482. 484 are low. When a dummy pair is to be inserted, the 

30 N2D signai goes low for one sampie interval and the Fsl signal ciocks the first fiip-flop 482 so that the not- 
Q outout goes high whiie the Q output gees low. The Q output of the first flip-flop 482 is input to the second 
fiio-fioo -8- so that on the next clock pulse of Fsl. when not-Q of the first flip-flop gees low, the not-0 
output of the second flip-Hop 4S4 goes high. The not-Q - outputs are harowire OR'd to produce a dummy 
gate signai. 2Dum. that is two samoles in duration. 

35 The outDuts. Rem. 5Dum, 2Dum, of the remainder fill logic section 42. the iGentifier dummy iogic 

section 44 and the paired Gummy logic section 48 are inout to an OR gate 492 in the output section 49. The 
cutout of the OR gate 4S2 is a composite fill signai. Dum. that is input to one inout. C. of a buffer 496. The 
C cutout cf the suffer 4S6 is the dummy gate signal. OumG. for the input FIFO 30. The composite fill signai. 
Dum. also is incut to a seconc OR gate 494 for combination with the bia.nking signal, E. to produce a 

-to comoosite not-read signai. NRc, i.e.. there is no active data to be read from the inout FIFO 30 during the 
clanking ana cummy intervals. The NRd signal is input to another input. 3, of the buffer 496. and the 
lr. vertea output. not-B. produces the reac gate signal. RdG, for the input FIFO 30. Finally the pre-existing 
clock signal, Fs1. is passed through the buffer 496 to the input FIFO 30. 

The input FIFO 30 provides in response to the signais from the decode section of the controller 40 a 

--5 cata stream that includes active video samples during the read gate intervals and dummy fill samoles 
during the dummy gate intervals. The input FIFO 30 also combines the read gate and dummy gate signals 
from the decoder section to form a read gate signal. RG. that encompasses the pre-existing format data 
line, including both active viaeo data from the original incoming signal and inserted dummy data. The RG 
signai is inout to the controller 40 in the input/output logic section as shown in Fig. 3 together with a read 

50 clock signal. RCk, corresponding to Fsl. The data stream, AY, AC, representing luminance and chromin- 
ance comoonent data, is input to one input. Port3, of respective luminance and chrominance multiplexers 
40*;, 402. When the input FIFO 30 is providing the data stream, the read gate signal RG is high providing an 
active video signal. Via, to AND gates 403, 404 via buffer amplifier 405. Buffer amplifier 405 also provides a 
not-RG. NRG. signal to a NOR gate 406. Also input to the NOR gate 406 is a horizontal btanking bit, HBBit. 

55 from the state macnine of the controller 40. The HBBit occurs during the horizontal blanking interval at the 
end of each line of active viaeo for the proposed format data stream from the input FIFO 30. For a particular 
aooitcation wnere the proposed format data stream is to be recordea by the Sony DVTR, as discussed 
earlier, certain information is required by the DVTR, namely, an identification secuence of data words at the 
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beginning and end of eacn line and a series of blanking data wcrcs between each line wmle the DVTR 
performs certain "housecleaning" functions. Therefore an end of active viceo (EAV) counter 407 is loaded 
with an internal initial count of 1S24 when the output cf the NOR gate 406 goes high, indicating that a reac 
gate has started at the beginning of the active video portion of an active line. The reac ciock is tnen 
5 counted, and while the count continues a counting output is provided to the aelay input DL of a digital celay 
iine 408. The counting output aiso is provided as an input to a pair cf sxc!usive-OR (XOR) oates 40S. 41 0. 
The GO cutout of the digital delay line is input to the first XOR gate 409. the Q2 outout is input to the 
second XOR gate 410 and to a tnird XOR gate 412, and the Q3 output is input to the third XOR gate 412 
ana both AND gates 403, 404. The output of the second XOR gate 410 is input to a first OR gate 413 

;3 together with the output of the second AND gate 404, and the output cf the tnird XOR oate 4i2 is inout to a 
second OR gate 414 together with the output of the first AND gate 403. The outputs cf the OR cares 4.3. 
414 are applied to the select inputs. SELA. S£L3. of the multioiexers 401, 402. The cutout cf tne first XOR 
gate 409 is tied in common to all the input iines of Pcrtl of the luminance multiplexer 401. Poo2 of the 
luminance multiplexer 401 has a value cf ixxxOOOO as input, the xxx being the H53it. V33it and F23u from 

js the state machine. Finally a black level, 10 Hex. is appiiea to PortO of the luminance mu:tioie:<er 401 and a 
coior micrange value. 80 Hex. is applied to PonO. Pom, Port2 of the chrominance multiplexer 402. 

In cceration when RG is positive and HSSit goes negative a: the eno cf tre -Horizontal clanking interval, 
me mitiai count is icaded by a start count outout from the NOR gate 406. The G cutouts of the digital ceiay 
iine 408 are ail zero, as are the incuts to the XOR gates 409. 410. 4.2. anc PcnO of eacn multiplexer 40". . 

20 402 is selected since the outputs of the OR gates 413, 414 are zero. With RG going positive the Vid signal 
enables the AND gates 4Q3. 404. When the counter 407 starts counting cn tne next clock ouise of RCk. the 
cutouts of XOR gates 409, 410 go positive since the inputs are at opposite ieve:s. This places all ones on 
tne inout cf Pcrtl of the luminance multiplexer 401 and aopiies a positive signal to the input of OR gate 413 
to select Pcrtl of tne multiplexers 40i. 402. At the next clock puise of RCK GO cf the digital delay iine ^08 

25 goes positive, changing the output of the first XOR gate 409 to a low level, ana thus presenting all zeros to 
Pom of the luminance multiplexer 40 1. The next clock puise ooes not affect tne logic, so Pom with al! 
2eros is still selected. At the fourth clock puise Q2 of the digital delay line 403 goes positive, causing the 
outout of the seconc XOR gate 410 to go tow since it now has inputs at the same level, and causing the 
cutout of the third XOR gate 412 to go htgn. With the output cf the third XOR gate 412 nigh, then the outout 

20 of OR gate 4i4 is high, selecting Port2 of the multiplexers 401. 402. At this time the identification word 
*, xxxOOO is aopiied to Pon2 of the luminance multiplexer 40i. On the next ciock puise Q3 of the digital 
ceiay line 4QS goes high, causing the outout of XOR gate 412 to go low and causinc the outputs of the AND 
gates 403. 404- :o go high. With both AND gate 403. *i04 prcvicir.g a hicn cutout, tne OR gates 41 3. 
seiect Port3 of the multioiexers 401. 402. passing the data stream from the inout FIFO to the output. Thus 

35 the output of the luminance multiplexer 401 prcvtces a sequence of 10H, all "1". ail "0", aj! "0", and ID for 
the first five sampies after the start of the read gate RG. replacing the dummy sample values in AY 
provided by the input FIFO corresponding to the 50um portion of the DumG signal with this identification 
seouence. 

At the end of the count, ccrresoonding io the end cf tne pre-existing viceo iine. tne counting cutout 
-o goes low, placing Different levels on the inputs cf the firs; XOR gate 409. Since RG aiso goes low at tr.at 
time. Vic is low anc the cutouts cf AND gates 403. 404 go low. The same secuence is followed as 
described above to procuce an output sequence of data worcs at the end of each pre-existing video line of 
ati "1", all "0". all "0" and ID followed by a series of 10H until the read gate RG goes hign again at the 
beginning of the nexi line. The HB3it is low in the ID data word at the beginning of the line and high in the 
-5 ID cata word at the end of the iine. The chrominance multiplexer 402 provides a series of 30H data words 
curing the generation of the identification sequence that is outout on the luminance channel, ana provides 
tne chrominance cafa during the active video portion of each pre-existing format line. The active video 
portion is understood to include both active video of the incoming video signai and the inserted dummy 
cata words. 

so Referring now to Fig. 4 the output portion 70 of the controller 40 is shown for reading data from the pre- 

existing format DVTR 10 and automatically converting it back to the original format of the corresponding 
incoming video signal. Luminance and chrominance data. Y, C. are input to respective pipelines 72. 74. 
Coupled to the oipeiines 72, 74 is a dummy aecoder 76. The dummy decoaer 76 may either decode each 
data word where the values are all negative, i.e.. less than 15 decimal, to determine the original format of 

55 the Y.C data stream, or as shown here merely to identify dummy sampies so that they may be counted, 
w:;n tne count being the format identifier. In this implementation the dummy cecoder 76 nas three OR 
gates, 762, 764. 766. that provide a high output from OR gate 766 as a not-dummy signal. NDum. if any of 
tne four most significant bits of either the chrominance or luminance component have a high value, i.e.. OR 
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gate 766 orovides a high outcut unless both luminance and chrominance components are negative, 
ciceiine 72. 74 has a series of larches 72. n. 74. n with the first latcn 72.1. 74. i having the pre-e*:s:ir.g fc 
cata stream Y.C as inputs, and having the output coupled to the input of the next latch 72.2. 74.2 in the 
series.' with the output of the last latch 72.4. 74.4 in the pipeline being couoled to the cutout FIFO 50. The 
cata stream is clocked along the respective pipelines 72. 74 by the sample clock, Fs. 

Couoled to the iuminance pipeline 72 is an icentification sequence oetector 73 that simultaneously 
detects the sequence of ail "1\ all "0". all "0" and ID at the beginning of each line cf active video. At the 
output of the third latch 72.3 in the pipeline 72 is an all "1" cetector having a pair of NAND gates 731, 732 
that procuce iow outputs oniy when all of the inDuts are high. At the outouts of the first anc second latches 
72.1. 72.2 are respective ail' "0" aetectors cf OR gates 733-735. 736-738 mat prccuce iow outputs oniy 
when ail cf the inputs are low. The outputs of the all H 1" and all "0" detectors are input to a cetectcr OR 
gate 739 to produce a not-star, signal, NStrt, that is high except when the first three words of the 
identification sequence appears in the data stream. Since the first three words of the identification sequence 
occur at both the beginning and eno of eacn ore-existing format data line in the data stream, an icentifier 
circuit 71 at the incut of the luminance pipeline 72 looks at the ID wora in the identification seouence. 

The NStrt signal is inout to an OR gate 712 together with tne ve3it ar.c KEBit lir.es (b:ts 4 ar.c 5). i he 
NStrt s;cnal aiso^s inout to the not- J input of a J-K fiip-fiop 714. The output of the OR gate 71 2 .s input to 
:he nc:-K :rout of the Mio-fico 7M. The nct-Q output of tne flip-flop 714 is input as an active video signal. 
ACT. "to a third pipeline 75 naving iatcnes 75.1, 75.2, 75.3 in series. The not-Q output of the fiip-fiop 714 
20 zees h;cr when NStrt coes <cw and the verification code mcicates the start cf a iine. i s., the H3Bit anc 
VSSit are both iow ana the outcut of OR gate 71 2 goes low. The not-O output of flip-flop 714 goes high 
when NStrt goes low and the !D word indicates the end of a fine. i.e.. the HBSit and/or VBBit are high and 
the outcut of OR gate 7i2 is high. The ACT signal stays high for the entire iine until the NStn signal at the 
end of -he Sine. The NStn signafaisc is inout to a second flip-floo 71 6 as a not-ciock enable signal. The field 
25 identifier bit (F2Bit or bit 5) of the ID word is input to the second flip-flop 716 to provide at the nct-Q output 
a fieid identification signal. NF2. that is high if the Sine from the data stream is in field one. and low if the 
iine from the data stream is in field two. The NF2 signai aiso'is input to the thirc pipeline 75. 

The ACT signai is combined in an AND gate 752 with the output cf the third pipeiine to provide an 
ACT 3 sicr.al that is delayed by a duration equivalent to the first three wcrcs of the identification sequence. 
30 The ACT3 signai is combined with the NDum and Nstrt Signals in a second AND gate 754 to produce a 
hign inout to a write flip-flop 756 oniy when active video data, exciuding dummy samples and the 
icentificaticn sequence, are present at the last latches 72.4, 74.4 0 f the iuminance and chrominance 
ooeiines 72. 74. The clock signal. Fs, ciocks the active data through the iast latches 72.4. 74.4 of the data 
£ ., 6£rn njseiines as it ciocks a write signai. WR. through the write fiip-ficp. The WR signal is used by the 
35 cutout FIFO 50 to write the active cata for the original incoming signal from the data streams into the output 
FIFO. 

Tne ACT3, NDum and a NF2.3 signai from the output of the third pipeline 75. together with the sample 
ziock, Fs. are input to a dummy counter 77 to count the number of cummy samples in the first Sine of the 
firs: fieic cf the pre-existing format data stream. When NF2 goes hign at the firs: line of field one. three 

-o sample times later, as NF2.3. it is incut :c a NOR gate 771 tc provide a c;ear. cr not-present er.acie. signal 
for a counter 772. The NF2.3 signai also is applied to the input of a firs; cummy flip-flop 713 so that the 
ACTS sicr.al from the AND gate 752 clocks the NF2.3 signal into the flip-flop. The not-Q output of the flip- 
flop 773 "goes low and is input both to the NOR gate 771 and to an OR gate 774. while the Q output is input 
tc a second dummy fiip-fiop 775. the Q outcut of which is initially low. Tne O output of the second dummy 
flic-flop 775 is input to the OR gate 774 together with the NDum signal. On the next ACT3 clock pulse to 
tne fiip-fiop 775, the Q output goes high so that only during the first line of field one (and lines two througn 
the end cf fieid 2) is the Q output low. The output of the OR gate 774 is coupled to the not-count enable 
inout of the counter 772 so that wnen there are cummy samples (NDum is low) in field one (not-Q from flip- 
flop 773 is low), line one (Q from flip-flop 775 is low), then the counter 772 counts the pulses of Fs. 

5C The dummy count from the counter 772. together with the NF2.3 signal as the least significant bit. since 

there are always an even number of dummy samples, are input to an outout buffer 78. The least significant 
tit is usee by ' the microprocessor in the controller 40 as an interrupt signal to indicate when to read and 
process the dummy count from the buffer 78. When NF2.3 is low indicative of field two, then the 
microprocessor reads the dummy count from the buffer 78 since it is assured that the counter has 

55 ccmoieted counting the dummy samoies from the first line of field one. 

The microprocessor in the controller 40 then instructs the analog output module 60 to insert the 
aoprophate sync and timing signals into the data stream from the outDut FIFO 50 according to the detected 
original format of the data in the oata stream, as is well known in the an. The output of the analog output 
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mccde 50 :s £n anaicg signal having the same format as the original analog signal input to the input analog 
moaute 20 prior to processing in the pre-existing digital format by the pre-existing eouicment 10. 

The controller 40 induces a microprocessor that communicates with a run-iengtn enccced state 
machine 90 in each of the analog input and output modules 20. 60 and the mputoutput section of the 

5 controller over a control bus, as shown in Fig. 5. The state machines 90 each generate in response to data 
from the microprocessor the necessary parameters to convert the incoming analog signal to the pre-existing 
cicitat format, to transfer the pre-existing digital format data to and from the pre-existing format ecuipment, 
anc to reconvert the ore-existing format data back to the original incoming anaiog signal. Each state 
nacri'ine 90 includes a horizontal and a vertical control section 90H. 90V, with the horizontal section having 

ro a clxei deck input". Fs, and providing a line rate clock input for the vertical section. Each section 90H, 90V 
r.as a FIFO control register 92. a FIFO buffer 93, a run length encoded counter 94 and corresponding latch 
95, arc a load control register 96. Data from the microprocessor control bus is incut to the FIFO control 
recister 92 and the FIFO buffer 93. Commands from the microprocessor are loaded into the FIFO control 
reoister 32 for decoding, and data from the microprocessor are loaded into the FIFO buffer 93. i he 

r5 communes from the microorocessor include a FIFO reset command, a write cicck. a read dock, and a 
retransmit command. The reset command dears the FIFO burfer 93, while the write and read clocks cause 
, a . a tc u e wrirten ir . tc or reac j out of the FIFO burfer. The retransmit command causes the last cata in tne 
FiFO buffer 33 to be reac out again. The FIFO buffer 93 provides an empty signal to the FIFO control 
reciter 92 when the FIFO buffer contains nc data. A sync signal from the appropriate analog moauie 30. 50 

20 or 'lO section of :ne controller 40 prcvices timing for the state machine 90, and is input to the FIFO control 
r-CtSter 92. 

" The cata reac from the FiFO buffer 93 is input tc the counter 94 and to the latch 95. The load control 
regtster 96. the counter 94 and the iatch 95 are clocked by the pixel clock. Fs. in the horizontal section 90H 
arc oy a horizontal line rate signal. HO. from the Horizontal iatch 95H in the vertical section 90V. The load 

25 control register 95 enables the~!atch 95 to lead oata, causes the counter 94 to be ioaoed, and provides a 
FiFO cioc* as a reac request signal to the FIFO control register 92. The load control register 96 receives an 
e.-c count sicna! from the counter 94 anc then enables the latch 95 to store a new data word on the next 
c:ccx ouise. The count stored in the counter 94 is the number of ctock periods that a particular data vaiue is 
to be heic, i.e.. the number of clock pulses that make uo the horizontal blanking interval, for example. In this 

30 manner the necessary control sicnais from the microprocessor are generated for both orthogonal axes of 
the sicnai being converted, as is weil known tc those of ordinary skill in the an. 

VVth incut anc output F!FO buffers 30. 50 having a large enough capacity to encompass the vertical 
.ntervai. i.e., forty-five lines or greater, then European television formats having a fifty frames per second 
rate, as opposed to the NTSC format having stxty frames per second (59.94), may aiso be processed by 

35 the format convener of the present invention. 

Thus tne present invention provices a format converter architecture that stores any inout signai having 
ar, orthogonal structure, sucn as viceo image signals, into a pre-existing digital format by inserting into a 
-icitai cata stream, representing the active samples of the input signal, oummy fii! samples having a 
c-reoetermined ccoe that is not comoatibie with "legal" sample values for the inout signal to rr.a<e uo a 

- cicsta! cata stream compatible wan tne pre-existing digital format, and by subsecuently extracting the 
Gummy fill samoies from tne pre-ex:s:.ng compatible digital data stream and automatically determining the 
or:o:n=l structure of the signal to reproduce the input signal. 



Claims 

-•5 

An apparatus for convening an input signal having a specified format into a digital signal having a- pre- 
existing digital format, both the specified and pre-existing digital formats being orthogonal in structure 
anc having lines and fields, comprising: 

' means (20) for extraciing from the input signal an active data portion according to the specified 
50 format to generate a digital cata stream of active samples; and 

means (39.40) for inserting into the digital data stream dummy samples to generate the digital 
signal, the number of the dummy samples being a function of the relationship of tne specified format 
ar\c the pre-existing digital format. 

55 2. An apparatus as recited in claim ^ wherein the inserting means comprises: 

means (30) for temporarily storing at a first data rate the digital data stream on a first-in/first-out 
basis: and 

means (40) for generating timing signals for reading the active samples from tne storing means at a 
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second data rate and for adding the dummy samples to the active samples to produce the digital signal 
at the second data rate. 

3. An apparatus as recited in claim 2 wherein the inserting means further comprises means (44) for 
5 inserting an identification sequence of samples at the beginning and end of each iine of the digital 

signal in iieu of dummy samples. 

4. An apparatus as recited in claim 1 further comprising means (76) for extracting the dummy sampies 
from the digital signaf 'to generate the digital data stream of active sampies; 

:o means (77,90) for determining from the dummy samples the specified format; and 

means (40,60) for recreating the input signal from the digital data stream according tc tne specified 
format as ascertained by the determining means. 

5. An apparatus as recited in claim 4 wherein the extracting means comprises: 

*5 means (76) for differentiating between tne dummy sampies and the active samples in the digital 

signal; 

means (75) for generating a timing s:gnai only when the active samples are present in the digital 
Signal; and 

means (50) for temporarily storing at a second data rate the cigita: data stream of active sampies 
20 when the timing signal is present. 

6. An apparatus as recited in claim 5 wherein the differentiating means comprises means (76) for 
decoding each sample of -r.e digital signal to produce a dummy signal (NOUM) when each dummy 
sample is present in the digital signat, the dummy signal being used by the generating means to 

25 produce the timing signal. 

7. An apparatus as recited in c:a:m 4 wherein the determining means comprises means for decoding each 
cummy sample m the cicita: s;gnai to generate output parameters for the recreating means, the code of 
the cummy sampies being ir.oicatjve of the specified format. 

zc 

8. An apparatus as recited in claim 4 wherein the determining means ccmorises means (77) for counting 
the dummy samoies over a specified interval to generate output parameters for the recreating means, 
the numcer of dummy sampies within the specified interval Deing indicative of the specified format. 

05 9. An apparatus for convening a digital signal having a pre-existing digital forma: automatically into an 
output signal of a different format, the digital signal including dummy samoies. comprising; 

means (76) for extracting tne dummy sampies from the digital s:gnai to generate a digital data 
stream of active data samoies; 

means (77.90) for aetermimng from the dummy samples the different format to produce output 
-o parameters; anc 

means (40.60) for creating the output signal from the digital cata stream according to the output 
parameters. 

10. An apparatus as recited in claim 9 wherein the extracting means comprises; 
means (76) for differentiating oetween the dummy samples and the active samples in the digital 

signal; 

means (75) for generating a timing signal only when the active samples are present in the digital 
signal, and 

means (50) for temporarily storing at a second data rate the digital data stream of active sampies 
when tne timing signal is present. 

11. An apparatus as recited in claim 10 wherein the differentiating means comprises means (76) for 
decoding each sample of the digital signal to produce a dummy signal when each dummy sample is 
present in the digital signal, the dummy signal being used by the generating means to produce the 
timing signal. 

12. An apparatus as recited in claim 9 wherein the determining means comprises means for decoding each 
oummy sample in tne digital signal to generate the output parameters for the creating means, the coae 
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of the dummy samples being indicative of the Different format. 

13. An apparatus as recitec in claim 9 wneretn the Determining means comprises means (77) for counting 
the dummy samples over a soecifiec interval to generate the output parameters for me creating means, 
the number of dummy sampies within the specified interval being incicative of the different format. 

14. An acparatus as re:: ted in claim 9 further comprising: 

means (20) for convening an inout signal r.avmg the different format into the digital data stream cf 
active sampies according to the different format: anG 

means (30. 40) for inserting the dummy samoies into the digital data stream to generate the cigitai 
signal, the number of the dummy samples cemg oetermmed by the relationship of the c-fferent format 
with the ore-existing digital format. 

15. An apparatus as recited in c.'aim i-i wherein the inserting means comprises: 

means (30) for temooraniy storing a: a first C:'3 rate the digital data stream on a rirsr-in. firsr-out 
basis: ar.c 

means {~Q) for generating timing Signals for re seine the active samoies from the stcrinc m-a^- c a- ~ 
seccne data rate anc for acdir.g :ne dummy sampies ;o the active samples :o procuce the cia:tai signa: 



16. 



a: the seccne oaia rate. 

An accaratus as r-c.t-c in claim. 1 5 wherein the inserting means : ur*r.er cemenses means i'^-i*. for 

inserting an iaer.Eification sequence of samoies at the beginning and end of eacn line of the aigttai 
signal in lieu of dummy sampies.' 
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